Introduction
The study of near-infrared laser beam for defect characterization in semiconductor failure analysis has been the focus of interest of many recent studies due to its relevance to problems in non-destructive evaluation and non-contact observation [1] . Much work has been carried out on reflection and transmission microscopy for the investigation of defects in unpatterned bonded silicon-on-insulator (SOI) wafers [2] . However, little research has been devoted to the patterned oxide buried in bonded SOI wafers which are important in extending silicon technology to new applications.
In this paper, we propose near-infrared laser scattering topography and microscopy system to characterize the patterned oxide buried in bonded SOI wafers. We evaluate the visibility of the edge of the patterned oxide buried in SOI wafers. We also report the observation of a particle in an SOI wafer with the patterned oxide.
Experimental
Fig .1 shows the near-infrared laser scattering topography and microscopy system. The laser diode is the same as that used in laser beam induced techniques for LSI failure analysis. Fig.2 shows the SOI sample with pattered oxide. A laser beam of 1310 nm wavelength is focused onto the surface of base wafer under Brewster angle to minimize the surface reflection. The laser beam is incident from base wafer to be the same as backside analysis in LSI failure analysis. The wafers used were Si (100) polished at both sides. Both wafers were chemically cleaned. A thermally oxidized layer of 200 nm thinckness was grown on one of the wafers at 1000 o C in wet oxygen gas. The thermally grown SiO 2 layer was patterned by photolithography. The SiO 2 -pattened wafer was stacked with the other wafer. The stacked wafers were heated for 5 min at 1000 o C in nitrogen gas for silicon direct bonding.
Results and Discussion
Fig .3 shows the image of sample under middle magnification by both scattering topography and transmission microscopy. The patterned oxide is observed in lower right region of the image by transmission microscopy. The vertical line with high intensity in the middle of the figure is the scattering image of the patterned oxide edge. Fig.4 shows the image under high magnification. The scattering image is also observed at the patterned oxide edge. Compared with transmission microscopy, scattering topography is much more effective in characterizing the patterned oxide buried in an SOI wafer. Fig.5 shows the images of a particle under low, middle and high magnification by scattering topography only. The small particle in a Si/Air/Si structure is observed by scattering topography but not by transmission or reflection microscopy. It indicates that the size of the particle is less than 0.9 μm which is the minimal spacial resolution of the microscope. Moreover, it is evident that micron-scaled particles which are not observable from the transmission image can be better defined by this scattering topography. Table I shows the visibility of the particle among scattering topography, transmission and reflection microscopy. Particles buried in the Si/Air/Si structure less than 0.9 μm can be detected only by scattering topography. It is understandable that the scattering topography is suitable for detecting inside defects in scaled down technologies.
The results of experiment show that this near-infrared scattering topography and microscopy system provides a better means of characterizing the patterned oxide buried in bonded SOI wafers, and demonstrate a respectable level of scaled down validity. The near-infrared scattering topography and microscopy system also offers the combination with laser beam induced techniques in LSI failure analysis. It can be obtained on any existing laser scanning microscope, and does not require a system specially equipped.
Conclusions
The patterned oxide buried in bonded SOI wafers has been observed by near-infrared scattering topography and microscopy system. The micron-scaled particle in the Si/Air/Si structure has also been observed. This scattering characterization method can not only be set up by using standard equipment available in most LSI failure analyses, but also used together with transmission and reflection microscopy. This concept offers the advantage in further scaled down technologies. 
